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ABSTR.4C’7’

A 210 GIIZ wavcguide subhamnonictily-  jtur[ll)c(l  ],li~cr
with integrated antiparallel-pair  planar ‘(”J.  aII od(.”

Schottky diodes and a novel compact mul(il,lc-la)cr
bias circuit has been successfully fabricated N]!(I  ItIc~<.

urcd. The diode anodes arc defined by clecll  {ti~. Iwiiw
lithography using technology similar to thnt cn)pt,jcrt
for T-gate transistors. A compact nmlti])lc-layct  fIIIrr
structure provides individual biasing cfipirhilit~  l{lr
each diode, which reduces the required l(Ical  owill~[or
power for subharmcmic m i x i n g .  Unbifiscd, 2 I)S II

rnixcr noise tcmpcraturc  of 1420 K was Hchicl cd wii h
6.4 mW of required LO power. Using sci~a ralc (i K)(Ic
bias to reduce the required LO i)owcr to 3.2 Iil}V, tlIc
noise tcmpcraturc incrcascd  slightly to 16$0 K ‘l’this is
the lowest noise temperature reported foI n sel Ia r,{(c),
biased mixer at this frequency.

I. 1NTROI}UCTION

Not long after the. Sutj-lIarlnoni~lly-I’1111  qxd (F t ] i 1,
antiparallel-pair  diode mixer arrangement vas i II hi i I III(,).
duced by [1,2], an SHP receiver operating, al Iilillillt  tt-l-
wave frequencies was demonstrated b) the F{ Ki lo
Astronomy group at hell Laboratories [3,4]. ‘1 llc..c
pioneers, together with groups that fo]io~rc~i,  U( i I I W(i
whisker-contackd diode pairs to provide I}IC :{lltt.
syrnmetiic  1-V characteristics that are essellt  i~l  L( I C(I I( iri II

even harmonic mixing. Recent advances ill fiil}l  JC.<  I I(III

technology have led the way to a new style O( dr.vif.t.  r.h: I(

is replacing eonverrtional  vcrtieal  w’l[i+crs }iitll
horizontal air-bridgti nlcml fingers and p]ai M i N{i d i (N;(
structures. I“hanks to the introduction of the S(II ~iii.(

channel etch teehniq[lc  [5], that made  cl~il) QY]( 131,.
parasitic planar diodes available, planar all( i~x]i ~lh;l  jla I I

diodes were shown to il~rform  as WCII as t}l~i]  \V]IiS;:cI.

contacted counterparts Up to 200” GIIz, [6]. MOICOJ,C  ~, :L

recent subharmonic plal lar-diode mixer uti i i z i I IF, a I m ~ ‘J .

gate-like tcchno]ogy  to define the anodes, and :+ n w,}
substrate transfer technique to plaec ac[i}’u cir w i I

elements on low-loss quartz, has yicklcd c~i Ia !OU
Parasitic devices and Iecord noise pcl-fol II i;\Tl~;c  al )()( J
GHz [7].

}Iowcvcr,  the cxcellerlt  millimeter-wa~lc SUbha  I I 110 ii{..
mixer performance I1OW bchlg  realized by SCWI  al f:I ( UI, s

CO]IWS  with a i)rice.: ][luch  higher required local oscillator
powcI than needed fcn either  fundamental or single-diode
hnrnloliic  mixin~. “1 ‘his is CIUC to the difficulty involved in
incolp)ratins  iliciiviciual diocie bias circuitry with the
ardiparalle]-pait  and is the most limiting factor in scaling
S} 11’ It [i xcrs UJ ) to IIi.p,im submillimcter-wave  frequencies
wllcre  significant Iocai  oscillator power is unavailable.

P1io[ il[lplc[lte(ltatio~l<  fol a(iciing individualdiode bias to
S}1 F’ IIlixers  ill vavc.p,uldc-based  [8 ]  o r  MMIC-based
CIIC’LI  Ittj’ [9] have rcquilcci  fairly ]arge bypass capacitors
f o r  IX isola(illj; tile twc~ devices. This makes the
inl}dcnlcnta(iol  1 especially ciiff~cuit in high-frequeney
waveguide  struclulcs  where large open areas are often
diflicult  t o  ilrli)lentcnt without engendering mode
prob]ell  1s, A ~’cly cc,nli~act bias circuit arrangement was
rew Illy derrlom(ratcd  irl arl opcxt structure quasi-optical SHP
ntixcl  systcnl at 180 (i] Iz [10], This armngernent  utilizes a
gapcxqt  conflgorat ic~[l on onc side of the two diodes and
requi! C. that there bc a split ill the f~l lines going to the
devicus  on this sick of the circuit Such an arrangement is not
prxcliwl in a wavcguicle  S11P circuit where there is generally
not cml~h spacv to iwidclllent  the fd-line  gap.

]n this i~ipet wc d~;ribc  a very compact multiple-layer bias
circu i ( for art alltipartii  Icl-pair-dicdc  arrangement which can
& in@me.lltccl  in li~iclositip  or striplinc.  In addition, we
havu COupled this him circuit armngement  with our new T-
au(xic diode p! OCX-SS  tc) imsciuee extremely low-parasitic
dcvicxs which yiclri  very ~ood nlixer  pxformance.

IL l)} L\rJCWjil  AS Cl ltClll’1’ IMPLRMENTATION

l“hc it lcllvidual-riio(ic  bias cxmtc~pt we have realimd was first
proposed by the lllillirl~c.[cr->;ave  development group at
Ruthcrfmd Appletor]  1 abs in the U.K. [1 1]. It ean be ~
ilnplc,llclmd  in ]Iliclost~  ip or sir ipline  and uses a multiple-
layct a~r,duci(lr/i[lsl)lator  rirrarlgcment  to isolate the two
dioks of the at diim allcl i)ait,  ‘1’hc configuration was first
te.sfcd  wi[ll opticaliy for!ld  diodes in an existing mixer block
at 215 G117  [1?].

‘J’hc. dc}i(~ gcwnct[y wc have employed is an extension  of
} l[?MI’ al,d  F1 ;1’ ‘1’-gy+te  technology and  re.sul~s  in long thin a-
anode. cot Itacts  wllicll caJl bc ]nadc with ultm-srnall  areas. The
advtiillaf!cs over I1)OIC tfaditiona]  oxide-patterned armies  lie



. .
tame, equivalent or reduced parasitic contact-ii I IgCI  G:IIL ICI

tame  and a more reproducible process. I )i.swha ot;+{;us  i~,
chrde the need for e-beam direct write of tht a(mdm ; III: I

tingcrs  and, perhaps, a slightly less robust dcviw (,cl~l( I( J ), ~!.
ing no oxide around the anode to help hold Ihc ] 1 lct;~ 111.
contact-finger in place).

The cmnplcted  circuit slructure  looks very sin[ilal to tlwt d(
scrlhd  in [6], and consists of a lithographically foI  Irlr<i  I I II{.

rostrip  RF filter circuit on each side of an alit iparttl ICI..; ,(II I
GaAs diode, together on a fused quartz mrbstlti!c  )1{ m(-ic],
in this instance,  the two diodes are DC isolakd olt olt[  :.id!
using a double-layered metallization  patkml  wiit I I! i( id!
forming t}le insulating barrier. Strong capacititc  O.NIJ)’ 11[~’,
along the whole lcngttr  of the two filter layers p] CWJ \’c:s t h;
AC pcrfomrance by providing a short  circuit at t)t~ si~l Ml, 1.( )
and IF frcqucncics.  At tllc  end of the filler,  the two T ItCLil I i,
layers split into individual Lmnd pads for bri, qjnf, il 1 [h.
separate device biasing. On the opposite side, t i w d i{ Kl:i ,? I I

umncctcd through a eonuncrn ground to the rnixcl blw+:  1 ‘hi
arrangement is shown in l;igure  1.

The device anockx are nominally 0.25 wide by 4 prtt 1011{: .I I I(j

are formed usin~  our ‘“J “-anode” prcees.s  [7]. ‘1’hc ‘1 .-al I Klt

proccs.s, initially dcvclopecf  for high f~ucl Icy IISM I +Iit
tunneling diodes [13], uses a trilaycr  PMMA cwd irtp,  r\lIc, al
with multiple e-beam scans at different dc)scs. 1 kwh of l.h:
three PMMA layers hm a diiTerent COIILJ Iosit  iot I ., ri(l
mokcuiar weight and, when spun and cured layc; ty 18\ u 1,
shows no cvidcncc of intcrrnixing.  The mw<hrw>t o SIIA:IC (CI I

T-sha~)  of the anode is formed by selectively de;,~lo~  ,i i [y,
each PMMA layer in three developers. Air-bridgoj  f) r l,t,ci ~.
that taper out from the anodes and connect to ohn (ic l):iis  a~t
formed at the same time as the anodes. The llthoiI,(;ildI,  i.
followed by the corporation of 6(Kx) ~ of ti III

iundpiatimrnr)gold  to fomt the Schottky  contact

The stacked filters that provide a separate bitisi I IF, 1 M h to I

~ch  active dcvicz are formed from a Ineml/rLhT kleA I did 111 i

layer. The metal layers are titaniurrdgold  dcposikxi  t ,,v c1 w
tron-beam evaporation and have a total thicknc;~s  of !hW(I ~

‘rile intermediate nitride layer  is dcpositcxi by a pla<i  11:1 1:1 I
‘haneed chemical vapor deposition system at 250 (; to a th IL-k.
ness of 5000 ~. l’he nit[ icic layer has to have low }Ii)  I-I 1011

density and gcmci  stcj} cxwcragc. The ttricim(.s<  clf ] t i! r idr
determines the coupling capacifanec required for piopc  i f I I WI

performanrx.  For our particular circuit  6000 i. of II i( I id:
results in approximately 1 ohm impdance HI II K- h nw~i
mixer IF frequency of 1.5 CWz.  ~cr WC flltcr  ] lIc[all  i {A I 011,

a surface channel etch [5] is performed whit:}) isokii,:s tl 1;
anode and cathcxie and forn~s  the air-bridge ml Itac{ f) i ip,c].. s\
seen in Figure 2. This is followed by a backside pt(ms~  It la!
transfers the devices and filter circuits fronl tl IC (.ia $.< I Im.  {

wafer to a low-loss quar (z. subst  late. q ‘his ~)! CCC+...  [ 14 J,

dcelld  Quar-iz IJpsidc-ciow,  Integrated Device (QUfD), uses
a thetl ual iy CUI cd epoxy to kmd the semiconductor wafer to
the qwit I / cart iel. The Ga AS substrate is then etched down to
an AI (ia AS etch stop krycr, In the final processing step the
remair,illp,  AIGaAsKi:iAs  is pathm-rcd  and dry-etchcci,  leaving
only the areas that ale lieeclcd  for the ohmic and Schottky
conl.ficls

11[. M E/A SIllUCM EN’I’S

1 )C Ch w twteristics for the best separately-biasable device we
have bml able to fab[ icak to-date are given in Table 1. For
ccm,Imriwn, the charac(e( istics of our ixst  unbiased T-anode-
pair dilxic.s  arc also shown The diode areas are both about 1.2
Id, I’tlc slig,hl  asyitlr[[ctry  irl the bia.sable-pair’s  turn-on
knrm is readily corlt~xrlsatrxi  with the external DC circuitry.
‘I “he higher cliodc resis[ar,ce,  saturation current and idcality
fiictor  for the biawble  pair nmans there is still rcmm for
signifl(allt  device inprof’emcnt.

Noise nwisure.1 ncllts  01( tllc device showrl  in Table 1. were
performed at ::200  (it lx using the mixer blcrek  shown in
f’igure  1 The resulL<  art’ plc%ntcci in Table 2. along with
publisl,e(i  ciatti frcm t otlcr g(oups  at a similar frequency. The
lowest noise temperahlru  obtained with this device was 1420
K DSI: with rr COIWCI  sion loss of 7.6 dB and 6.4 mW of LO
pcnwr }vith zcrcl bias. WhcIl both diodes were biased at
arowd  S00 pA, the IIoise  temperature increased slightly to
1640 K 1 Ml with 8.4 dll colwcrsion  loss and 3.2 mW of LO
powcv. 7 ‘he slight dc~raciation  in noise pcrformanm  with the
3 di~ recfLIctioII in 1,() power  is believed to be related to the
large lcxkagc  curre)it of this particular diode pair but more
[masulc[tlcnts  art rcq(lirtd  before this can be confirmed.

IV. (:ON(:] ,lJSION

A ncwd .w~ratcly+i:i%~hlc-didc  subharmonic mixer using
“1 “-anode tczlmc,log,y  and slticked filter structures has been
fabfica~ed and trxted at: 200 GI Iz.. Although the performance
of the n 1 i xer is I lot a< ~cmct as that of similar circuits with
unbia.wxi T-ancrck  dcviccs,  it is better than any reported
sepal N cly biastxi  x I Ii XCI at this  frequency. Substantial
reduclio]  ! in required 1.0 power is obtained when separate
bias is aj)plied, althoufi}l  there is a slight penalty in overall
lloi.sc ~el for~oancc.  Substantial illlprovcment  in performance
is to bc cxpedcxl  with in q]rovcmcnts  in device DC
Charticicu  iStiCS.

‘J’hc authors w’is)i to thank M, Maz.eci and R, Il. Muller for
hel~lful ciiscussioll$  :i[lci advh.  ‘1’ilis work is supported by the
Jet }’lopulsioll  Labori(lolj  uricict contract with the National
ActoJ);wt  ics aid Space. Aciminisllation.
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1 Diode 1 & 2 wcicfabricakxt  on a 4 x 1017 CIII 3 cjIil;  IycI J~.iIII I ! tIII~ :irca  ~xr :IIICXIC.

2 This device was fabricated on a 2 x 1017 cllti~  cpila)(.r M [I),  1 jIIII:’ arm IXJ ancxlc,
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